Equivalent c i r c u i t s f o r a c t i v e semiconductor devices a r e u s e f u l f o r designing o s c i l l a t o r s and a m p l i f i e r s . Parameters o f passive devices a r e more e a s i l y r e l a t e d t o s p e c i f i c p o r t i o n s o f t h e device, although However, t h e parameters a r e u n l i k e l y t o represent p h y s i c a l elements o f t h e device. 3ckage and mount impedances f u r t h e r complicate i t is n o t necessary t h a t t h i s equivalence h o l d t r u e . t h i s problem.
INTRODUCTION Equivalent c i r c u i t s f o r passive diodes have been deduced from t h e p h y s i c a l c h a r a c t e r i s t i c s o f t h e device.
Approximate values o f t h e parameters were obtained from dc measurements and r e f i n e d by microwave measurements.
Package e q u i v a l e n t c i r c u i t s may have from two t o f i v e elements. A1 though each element represents a s p e c i f i c p o r t i o n o f t h e package, i t is n o t necessary t o use a l l f i v e elements unless t h e e q u i v a l e n t c i r c u i t must be v a l i d over a broad frequency band i n c l u d i n g frequenc i e s above X-band.
Although t h e e f f e c t s o f t h e mounting c i r c u i t may be included i n t h e package c i r c u i t elements, i t i s o f t e n u s e f u l t o separate t h e packaged diode c i r c u i t from t h e mount. When t h e diode terminates a c o a x i a l l i n e , t h e c a l c u l a t e d values o f mount p a r a s i t i c s agree q u i t e we1 1 w i t h measured values. Frequency independent e q u i v a l e n t c i r c u i t s o f waveguide, s t r i p l i n e , and m i c r o s t r i p mounts have n o t been s t u d i e d i n such d e t a i l .
Equivalent c i r c u i t s f o r a c t i v e diodes such as IMPATTS have been derived, b u t t h e elements do n o t i d e n t i f y so w e l l w i t h t h e physical p a r t s o f t h e diode. I n f a c t , one successful model uses l e n g t h s o f transmission l i n e s . types were measured a t both h i g h and l o w power l e v e l s . Equivalent c i r c u i t s w i t h c a l c u l a t e d impedances c l o s e t o these measured values were derived.
Measured impedances o f f o u r double d r i f t IMPATT Beam Lead Mixer Diode
Mixer diodes may be represented by a j u n c t i o n r e s i stance shunted by a capacitance. T h i s combination i s i n s e r i e s w i t h a r e s i s t a n c e r e p r e s e n t i n g c o n t a c t and substrate resistances. Beam l e a d diodes a r e more e a s i l y modelled than a r e packaged c h i p s because t h e p a r a s i t i c elements a r e small. I n f a c t , t h e p a r a s i t i c inductance o f t h e beam l e a d i t s e l f i s l e s s than t h a t o f a w i r e connecting a c h i p t o a m i c r o s t r i p c i r c u i t o r t o a package. a small shunt capacitance and a s e r i e s inductance as shown i n Figure 1 . The element values were obtained by measuring t h e impedance o f an HP 5052-2709 diode f r o m 2 GHz t o 12 GHz and using t h e Compact' optimizat i o n program t o help f i n d element values t h a t g i v e t h e same impedance. F i g u r e 2 shows t h e measured and c a l c u l a t e d admittance a t several frequencies. The maximum d i f f e r e n c e i n phase and magnitude o f t h e r e f l e c t i o n c a f f i c i e n t i s 1.8' and 0.01 r e s p e c t i v e l y . For these measurements t h e diode was mounted on a 10 m i l t h i c k alumina substrate. No attempt was made t o separate t h e mounting c i r c u i t p a r a s i t i c s from t h e diode so s l i g h t l y d i f f e r e n t element values may be expected f o r a m i c r o s t r i p c i r c u i t o f d i f f e r e n t t h i c kness o r d i e l e c t r i c p r o p e r t i e s .
It i s p o s s i b l e t h a t a d i f f e r e n t s e t o f f i v e element values would g i v e s i m i l a r c a l c u l a t e d admittance values. However, t h i s s e t i s reasonably c o n s i s t e n t w i t h 1 MHz and dc measurements.
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Ceramic Packages
Ceramic packages have been modelled' as a t h r e e element T network ( F i g u r e 3 ) w i t h element values determined by reactance measurements o f open and shorted packages.
The l e a d inductance, LR, v a r i e d from .09 nH f o r crossed mesh leads i n a Ceramics I n t e r n a t i o n a l Minipak (12 m i l ceramic r i n g h e i g h t ) t o more than 1 nti f o r a s i n g l e w i r e l e a d i n a p i l l -p r o n g package (66 m i l ceramic r i n g h e i g h t ) . mesh leads i n t h e p i l l -p r o n g package. An e a r l i e r a n a l y s i s 3 using s i m i l a r techniques showed t h e neKd f o r a 5 element package model f o r frequencies above X-band.
F i g u r e 4 shows t h i s model w i t h t h e elements i d e n t i f i e d on a sketch o f a t y p i c a l d i o d e
package. package, s i m i l a r t o Hewlett-Packard o u t l i n e 31, mounted i n a 7 mm 50 ohm c o a x i a l l i n e . N o t i c e t h a t t h e l e a d inductance, L2, i s l e s s than t h e p o s t inductance L1. I n some packages t h e o p p o s i t e may be true, depending on p a s t h e i g h t and diameter and t h e t y p e o f l e a d connect i o n . Since t h i s model i n c l u d e s t h e mount p a r a s i t i c s , t h e element values would change f o r d i f f e r e n t mounting c i r c u i t s .
The element values r e f e r t o a Metceram 54 E q u i v a l e n t C i r c u i t o f t h e Mount
The packaged diode model would have more general use i f t h e mount p a r a s i t i c s were t r e a t e d s e p a r a t e l y so t h a t t h e diode model would be v a l i d i n any mount. T h i s problem was analyzed by Getsinger" f o r several types o f transmission l i n e s . Other authors have expanded t h e a n a l y s i s f o r waveguide5 and c o a x i a l l i n e s . 6 y 7 For example, when t h e mount c i r c u i t i s separated, t h e model i n F i g u r e 4 becomes t h e more complicated model6 i n F i g u r e 5. That p o r t i o n o f t h e model l a b e l l e d "package"is v a l i d i n a d i f f e r e n t mount i f t h e r e s t o f t h e model i s p r o p e r l y adjusted. Diode and package manufacturers u s u a l l y s i m p l i f y t h e package e q u i v a l e n t c i r c u i t t o a shunt capacitance f o l l o w e d by a s e r i e s inductance t o t h e semiconductor chip. Since t h e p a r a s i t i c s o f t h e mount w i l l v a r y f o r d i f f e r e n t types o f mounts, these published package p a r a s i t i c s can o n l y be considered as approximate values.
Mount
The impedance o f a ceramic packaged m i x e r diode, HP 5032-2701, was measured i n a 7 mm 50 ohm l i n e and 3 d i f f e r e n t models were derived. I n p u t power l e v e l was a d j u s t e d t o p r o v i d e 1.5 mA o f r e c t i f i e d c u r r e n t a t each frequency.
The simplest model, w i t h a 2 element package c i r c u i t , i s , shown i n Figure 6 . Figure 7 shows a more complicated package c i r c u i t from reference 3 w i t h t h e same semiconductor model. F i g u r e 8 shows t h e Monroe T network package a1 so using t h e same semiconductor model. Table I shows t h e maximum e r r o r i n angle and magnitude of t h e r e f l e c t i o n c o e f f i c i e n t f o r each o f t h e t h r e e models.
F i g u r e 9 shows t h e impedance o f these t h r e e models compared t o t h e measured impedance from 4 GHz t o 12

GHz. In t h i s frequency range, t h e r e i s l i t t l e improvement gained by using t h e more CGmpl i c a t e d model
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IFlPATT DIODES
An extreme example o f an e q u i v a l e n t c i r c u i t t h a t bears no r e l a t i o n t o t h e p h y s i c a l elements i s shown i n F i g u r e 10.
Cornel1 U n i v e r s i t y . I t matches t h e measured impedance o f t h e HP 5082-0610 diode q u i t e w e l l . A more conventional e q u i v a l e n t c i r c u i t u s i n g 9 lumped elements has been developed f o r sniail' and l a r g e ' s i g n a l IMPATT models. A technique" f o r measuring l a r g e s i g n a l impedance on a low l e v e l network analyzer r e q u i r
T h i s model was d e r i v e d by
e s t h e d e t e r m i n a t i o n o f t h e c u r r e n t f o r s t a r t i n g o s c i l l a t i o n a t each frequency of i n t e r e s t . Since t h e c a v i t y impedance i s f i x e d , t h e low l e v e l impedance a t t h a t c u r r e n t i s a l s o t h e l a r g e s i g n a l impedance a t t h e
o p e r a t i n g b i a s c u r r e n t .
With these techniques f o r measurement and f o r semicond u c t o r m o d e l l i n g combined w i t h a f o u r element e q u i v a l e n t c i r c u i t f o r t h e package and mount", f o u r double d r i f t CW IMPATT diode types were measured and modelled.'2 The f o u r diodes a r e 5082-0607, 5082-0608, 5082-0610, and 5082-061 1.
The e q u i v a l e n t c i r c u i t f o r these diodes i s shown i n F i g u r e 11. The element values a r e g i v e n i n Table 11. The o p t i m i z a t i o n program matched t h e measured and c a l c u l a t e d impedance values a t i n t e r v a l s o f one gigah e r t z over t h e frequency range i n d i c a t e d i n t h e t a b l e . Maximum d i f f e r e n c e s i n magnitude and angle o f r e f l e ct i o n c o e f f i c i e n t over these frequency i n t e r v a l s a r e a l s o shown.
F i g u r e 11. Impatt Diode E q u i v a l e n t C i r c u i t Although Gupta' showed t h a t o n l y R1 and L need be r e l a t e d t o power l e v e l , t h i s work was unsuccessful i n showing t h i s r e l a t i o n s h i p . o n l y elements which d i f f e r e d from small s i g n a l t o l a r g e signal models.
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Instead R2 and R 3 were t h e
The f o u r element "package" model i n F i g u r e 11 includes t h e t e s t c i r c u i t diode mount. f o r t h e mount (APC-7 c o a x i a l l i n e ) was c a l c u l a t e d and t h e model was m o d i f i e d t o separate t h e mount, package, and c h i p . The c h i p elements were unchanged. A two element package as i n F i g u r e 6 was n o t successf u l i n d u p l i c a t i n g t h e measured small s i g n a l impedance o f t h e HP 5032-0610 diode a t t h e h i g h e s t frequency. However, when a T-section (Figure 3 ) i s used, t h i s model i s j u s t as successful as t h e model i n F i g u r e 11. Maximum d i f f e r e n c e between measured and c a l c u l a t e d r e f l e c t i o n c o e f f i c i e n t i s l e s s than 0.01 i n magnitude and l e s s than one degree i n angle.
The two models a r e compare F i g u r e 12. The c a lc u l a t e d impedance i s compa t o t h e measured impedance i n F i g u r e 13. 
